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ume, cannot we find means of doing this without excessive 
cost for air? 
We observe that  after a short aeration period with activated 
sludge, clarification of the sewage takes place, and that out of a 
million gallons we have a net amount of 2000  to 4c00 gals. of 
sludge, which we must dispose of separately, and this is about 
99 per cent water. Clearly we can afford to  aerate this small 
volume for a long time, if necessary, to  effect its reduction 
to a form which will not cause a nuisance. Experiment shows 
that about half of this volume is free water which can be re- 
moved by an hour’s tankage, and that  24 hours’ aeration of the 
sludge will separate a large part of its remaining water, and the 
bacteria will keep on working for us. 
Thus we are continually treating a diminishing quantity of 
sludge, and the problem of plant design seems the principal 
problem. 
AERATION PROCBSS 
Another matter that is receiving the most careful attention 
is the aeration process, Alr. G. L. Xoble, of Armour 8r Co., 
writes: “We are attempting, by experimental work, to  de- 
crease the period of aeration by the introducing of pure cul- 
tures of organisms from activated sludge, which appear to  be 
especially active in producing nitrification. Our work, however, 
along this line is only in its infancy, and we have no data to re- 
port, * * * ; we have found that  the action of the organ- 
ism is inhibited by sewage warmer than about 95’ F.” This 
shows the trend that  experimentation is now taking, and sug- 
gests great possibilities; also that we have yet very much to  
learn about the method. 
In  the matter of design of activated sludge plants, much might 
be said about what we have still to  learn. The shape, depth, 
size and arrangement of tanks is as yet in the study period, and 
this remark applies also to  the best method of supplying the air 
to the sewage in the tanks. 
The earliest experiments, those made successfully by llessrs. 
Black and Phelps, a t  Brooklyn, in 1910, out of which i t  is quite 
possible that the entire activated sludge invention, directly 
or indirectly, developed, employed perforated pipe grids; sim- 
ilar methods were used elsewhere, until in England, llessrs. 
Ardern and Lockett used a porous material in their experiments 
with success. Following this, similar material came into use 
in this country, and this, while still employed extensively, has 
probably achieved no greater success that pipe grids. In the 
writer’s work, both methods were employed, but the pipe grid 
proved much the best on the average. 
In conclusion, it may be said that while a great deal remains 
to be learned about the problems which we have referred to, 
as well as others, and many difficulties must be overcome, the 
activated sludge method seems very promising; and while it 
may not prove as cheap as other methods of sewage treatment, 
there are many conditions which will favor its me. A word of 
caution should be added, that the method is still in the stage 
of experiment and in using i t  one should frankly admit that there 
is much to be learned about it before full confidence is justi- 
fied. 
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In the administrative control of stream pollution, the eco- 
nomic principle of maximum utilization of a resource may 
usually be applied to  (divide streams into two major groups, 
depending upon whether or not they must be used as sources 
of domestic water supply. In the class of water supply streams, 
permissible pollution is limited in bacterial terms, with secondary 
reference to organic matter per se, and to such special impurities 
as acidity, iron or harmful mineral compounds. In  the case 
of streams which are not used as sources of domestic water 
supply, or where self-purification intervenes to such an extent 
that permissible pollution is not limited by water supply stand- 
ards, nuisance conditions become of controlling importance. 
Physical effects, visible floating material, discoloration, oily 
scums and deposits upon the bottom and side of tFe channel, 
and chemical changes resulting in the depletion of the dissolved 
oxygen and consequent odors as well as destruction of fish life, 
all may contribute to the general condition of nuisance. Each 
kind of effect has its specific remedy and a properly designed 
treatment plant is one which accomplishes the specific improve- 
ment required without involving additional and unnecessary 
expense in dealing with non-essentials. In fact sewage treat- 
ment may be overdone. Consider a stream providing ample 
dilution but with a sluggish flow. Removal of settleable solids 
by a tank is obviously required. S o w  if zealous authorities 
insist upon the addition of a trickling filter and stop there then 
conditions in the stream are made actually worse because of 
the additional settleable solids discharged, whereas the addi- 
tional reduction in oxygen demand is of no advantage Tvith the 
ample dilution present. 
Of the various types of sewage treatment, those involving 
oxidation of organic matter are a t  present by far the most ex- 
penshe, and in our endeavor to  protect streams against nuisance 
conditions every effort should be made to  utilize the maximum 
oxidizing power of the stream itself. A stream will oxidize 
sewage according to  its own oxygen resources which are of two 
kinds, initial dissolved oxygen and oxygen obtained through re- 
aeration. I t  has usually been assumed in discussions of nuisance 
conditions that the dilution ratio is the essential criterion of 
safety but this assumption has led to  unfavorable results and 
a simple computation with the data of modern sewage chemistry 
will serve to show its fallacy. 
The oxygen demand of the sewage of the District of Columbia 
has a summer value of about 300 p. p. m. The normal sewage 
flow is a t  a rate of about 0.2 j sec.-it. per 1000 population. The 
summer value of the dissolved oxygen in the Potomac above the 
city is approximately 8 parts. Allowing a depletion of oxygen 
down to 4 parts, a minimum value for non-nuisance conditions, 
there is required a dilution of I : jj or nearly 19 sec.-ft. per 
1000 population to  satisfy this oxygen demand by mere dilu- 
tion. Experience has shown that in open river conditions and 
with reasonably pure diluting water a stream flow of 6 sec.-ft. 
per 1000 is ample for the prevention of nuisance, and the Chicago 
Drainage Canal was designed upon a basis of 3.3 sec.-ft. In 
the case of the rivers with 6 sec.-ft. per 1000 it is evident that 
over two-thirds the total oxygen requirements are satisfied by 
re-aeration. In a canal purposely designed to  avoid any inter- 
ference with smooth hydraulic flow, re-aeration is a t  a minimum 
and it is not surprising that results are unlike those obtained 
in rivers under like dilution conditions. In so far as disposal 
of sewage by dilution in a running stream is a process of true 
purification and not merely one destructive of stream values, 
it  depends upon self-purification of the stream, in which re- 
aeration is an essential factor. Curiously this important matter 
has received little or no scientific attention. 
BASIC PRIXCIPLES OF RE-4ER.4TIOiY 
In  the present discussion of re-aeration as a factor in the self- 
purification of streams certain underlying principles will be 
stated and discussed for the purpose of establishing the present 
status of our information and the proper direction of future 
study. 
1-Pure water esposed to  the air, a t  a given temperature, 
wiH dissolve atmosp,heric oxygen up to  a maximum amount, 
this value being known as the saturation value. 
404 T H E  J O U R N A L  OF I , V D r S T R I A L  AA’D ESGI.VEERI_VG C H E M I S T R Y   YO^. 9, NO. 4 
The solubility of a gas in water is proportional to the gas 
pressure. Since the oxygen pressure in the air is approximately 
one-fifth an atmosphere, the true solubility of oxygen in water 
exposed to pure oxygen a t  atmospheric pressure, is about five 
times as great as the so-called saturation value. In the pres- 
ence of green plant life, exposure to nearly pure oxygen is fre- 
quently observed and oxygen values of several hundred per cent 
of saturation are frequently recorded. A correct knowledge 
of the true physical relation existing is quite necessary to the 
understanding of the apparently abnormal results which have 
often in the past been ascribed to faulty chemical analysis. 
The solubility of oxygen is also a temperature function. Tables 
of saturation values are to be found in any standard work on 
water analysis. Approximately IO parts by weight of oxygen 
will dissolve in I,OOO,OOO parts of water a t  16’ C. and the solu- 
bility increases roughly by about z per cent per Centigrade 
degree decrease in temperature and vzce versa. 
a-Self-purification in a polluted stream is the result of the 
biochemical oxidation of organic matter and requires oxygen 
for its consummation. The more concentrated the organic 
matter the greater the rate of oxygen depletion. 
American sewages have a biological oxygen demand oE from 
200 to 400 p. p. m. This means that if diluted with saturated 
water a t  16’ C they would exhaust the oxygen supply of that  
water in dilution ratios of one part of sewage in from 20 to 40 
parts of water. With greater dilutions corresponding partial 
oxygen depletion will result. 
3-A stream saturated with oxygen will withdraw no more 
oxygen from the atmosphere. If partially depleted it absorbs 
additional atmospheric oxygen and the rate of such absorption 
or re-aeration while dependent upon many other factors is di- 
rectly proportional to the state of depletion. 
,+-Under any given condition of pollution and re-aeration, 
a point of maximum oxygen depletion is reached, somewhere 
down-stream, a t  which the rate of depletion and the rate of re- 
aeration are equal. This will be termed the critical point since 
i t  determines the maximum effect of the pollution. 
Above the critical point the oxygen content of the stream is 
diminishing, below it  is increasing. The location of this point 
is evidently conditioned by the time of passage or by distance in 
hours rather than in miles. It is also a temperature function 
since depletion is accelerated by higher temperatures. As 
the velocity of stream flow is usually a t  its minimum during 
the hottest months, the critical point moves up-stream rapidly 
with increasing temperatures. 
j-The condition of the stream a t  the critical point, represent- 
ing a balance between rate of depletion and rate of re-aeration, 
is, a t  constant temperature, a function only of pollution and of 
re-aeration. 
6-The capacity of a stream to dispose of sewage within any 
specified limits of nuisance is obviously measured by the con- 
dition of the stream a t  the critical point. Since it is a t  a mini- 
mum a t  maximum temperature and minimum stream flow, i t  
becomes under fixed temperature and flow conditions a function 
of re-aeration only: 
7-The capacity of a stream for re-aeration under extreme 
conditions of high temperature and low stream flow, therefore, 
measures its capacity to receive and dispose of sewage by self- 
purification within any prescribed limits of stream depreciation 
or nuisance. 
In  the past, although the relation of dissolved oxygen to the 
condition of a stream, as well as the fact of re-aeration, have 
been fully recognized, the relations set forth in the above princi- 
ples have been partially or wholly overlooked because of imper- 
fect ideas of the rBle of oxidation. 
Mr. Hering evidently voiced the best opinion of the day when 
he wrote in 1887,’ “Oxidation and total destruction of sewage 
1 Quoted from Fuller, “Sewage Disposal,” 1912, 227 
by decomposition was for a long time thought to be the main 
cause for the clarification of polluted rivers. To-day i t  is known 
to be but a minor cause, compared with dilution and subsidence.” 
Observation made upon the old Michigan Canal showed that 
the sewage which, w-ith a dilution in water of I cu. ft. per sec. 
per 1000 population, and after flowing 30 miles in about as many 
hours, was quite offensive, became inoffensive after discharge 
into the Desplaines and later into the Kankakee River and with 
dilution increased to about 3 f t .  It was erroneously concluded 
that the same inoffensive condition would have been obtained 
throughout by a primary dilution in 3 sec.-ft. per 1000 inhabitants. 
IMPORTANCE OF OXIDATION DATA 
Such a conclusion followed logically from the assumption of 
the minor importance of oxidation and the latter was apparently 
justified by the chemical methods of the times. Oxidation was 
measured in terms of nitrogen rather than oxygen and it is only 
within the past few years that the chemist has been in posses- 
sion of methods which correctly record the progress of the oxi- 
dizing reaction. 
In  1906, Hering and Fuller reported upon this matter further, 
and stated,’ “The disposal of sewage by dilution depends upon 
the amount of oxygen in the diluting water being sufficient to 
prevent putrefaction of the organic matter in the sewage as the 
latter undergoes bacterial decomposition.” Their recommenda- 
tions were based upon results obtained in Massachusetts upon 
flowing streams, and were to the effect that  a dilution of not 
less than 3.33 sec.-ft. per 1000 population would be necessary, 
after the elimination of trades wastes. Throughout the dis- 
cussion emphasis is laid upon the oxygen initially present in the 
dilution water. 
The application of observational data, obtained upon running 
and comparative shallow streams where conditions are ideal for 
re-aeration, to deep canals with sluggish flow and minimum re- 
aeration conditions cannot hut lead to unsatisfactory results. 
A large part of the residual oxygen found in streams of the former 
type can now be shown to have been derived from natural re- 
aeration. If it be assumed that such residual oxygen was ini- 
tially present and had not been utilized by the sewage, the ca- 
pacity of the sewage to  consume oxygen is thereby underesti- 
mated and the application of the data to streams of the second 
type with deficient re-aeration will lead to insufficient dilution 
and a condition of nuisance not anticipated. 
As early as 1900, Palmer2 found the dissolved oxygen a t  the 
lower end of the sanitary canal in August to be j.88 per cent of 
saturation, increasing to 70 per cent after passing the dam. 
IVisnera reported in 1911 the frequent absence of oxygen for 
many miles above the lower dam a t  Lockport with a dilution of 
about 3.3 sec.-ft. per 1000. Passage over the dam increased 
the dissolved oxygen to about 19 per cent of saturation. The 
relative importance of dilution and re-aeration will be appreciated 
if it be noted that simple passage over the dam had the effect 
of a zj per cent increase in saturated dilution water, or was 
equivalent to raising the dilution from 3.3 to 4.1 sec.-ft. per 1000. 
Sumerous other examples of the same sort are to be found in 
the literature but enough have been given t o  illustrate the point. 
The problem of the moment deals not so much with present 
conditions as with the future. It is of the utmost importance 
to determine the future effect of gradually increasing pollution 
upon any given stream. In connection with purification treat- 
ments i t  is highly desirable to know what degree of stream im- 
provement may be anticipated from any specified degree of 
purification in order that the cost of various treatments may be 
properly balanced against the benefits to be expected. Finally 
there frequently arises the problem of the effect of a very large 
1 Fuller, “Sewage Disposal,” 1912, 252. 
2 Report on Streams’ Examination. Sanitary District of Chicago, 
a Quoted by Fuller, ”Sewage Disposal,” 1912. 214 
1903, 9 5 A .  
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pollution of a hitherto unpolluted or slightly polluted area, 
following the location, for example, of new intercepting lines and 
discharge points. The essential elements of the specific and 
the general solution are as follows: Determination of the ex- 
tent of pollution a t  a given point, measured in terms of the new 
sewage chemistry which deals with oxygen relations, and of the 
degree of self-purification and amount of residual oxygen a t  some 
lower point, together with temperature and hydraulic data, 
furnish the basic facts. The oxygen requirement and rate of 
oxygen depletion are then known. The condition of the lower 
station in the same terms is calculable. The actual condition 
compared with the calculated gives the re-aeration factor for 
the stretch. This must be determined for the same stretch over 
a considerable period of time in order properly to include the 
variations in hydraulic conditions. In particular the re-aera- 
tion is a function of depth, velocity of flow and degree of turbu- 
lence. Similar data may be obtained a t  the same time over 
other typical stretches and the relation of the re-aeration factor 
to other physical and hydraulic conditions noted. From such 
a comprehensive study there will be obtained eventually the 
necessary data for the determination of the re-aeration constant 
of the stream in question under various physical conditions. 
Then the result of increasing or decreasing pollution, always 
measured in proper terms of oxygen demand, will be readily 
calculable. Repetition of the study upon another stream will 
give similar data for that stream and also permit some study 
of the effect of stream type upon re-aeration. With accumu- 
lating data of this sort i t  is not unreasonable to anticipate that 
the fundamental constants will ultimately be derived with which 
the capacity of any stream to receive and dispose of seMage 
within stated nuisance limits may be determined in advance. 
Such constants will furnish the only rational basis upon which 
to estimate the effect of increasing or decreasing pollution, or 
the degree of purification necessary or desirable in any case. 
As these matters have been shown to be of primary importance 
in any application of the principle of conservation to streams, 
the importance of work of this character is obvious. 
In the foregoing discussion it will be noted that 110 reference 
has been made to either of two distinct phases of the pollution 
problem, the matter of dangerous bacteria and that of sludge 
deposits. Both are separate and distinct problems capable of 
solution independently of the problem of oxygen supply and 
leading to nuisance of distinct character. The presence or 
absence of these factors does not influence the methods or con- 
clusions of this discussion, although the matter of deposits does 
enter the analytical problem. 
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TURBULENCE OF STREAMS A FACTOR 
An important conclusion of this discussion will be touched 
upon briefly in passing. Re-aeration is conditioned among other 
things by the degree of turbulence of the stream. In  quiescent 
water a diffusion gradient is established which practically stops 
re-aeration. The effect of dams and rapids in increasing aera- 
tion is not so much dependent upon the momentary exposure 
of the water but is largely due to the mixing action whereby the 
diffusion gradient is broken up and re-aeration permitted to 
proceed. In artificial canals turbulence is avoided as largely 
as possible. The effect of a single dam upon de-aerated water 
has already been show-n to  be equivalent to a large increase in 
initial dilution. Where dilution is for any reason limited, the 
capacity of sluggish and non-turbulent streams can be greatly 
augmented by providing for artificial turbulence a t  certain points 
in their course. Such turbulence need not be of the character 
of a fall, nor need i t  cause a loss of head. A number of mere 
overturns or “boils” will be found more efficient than a single 
large fall. 
The determination of the re-aeration coefficient of a stream 
has been undertaken for the first time in connection with the 
investigation of the Ohio River now being made by the C. S. 
Public dealth Service under the direction of P. A. Surgeon 
Wade H .  Frost. The actual analytical problem is exceedingly 
complex and the mathematical reduction and analysis of the 
results is both complicated and laborious. The work has pro- 
gressed to a point a t  which i t  is obvious that results of value 
and consistent with the theory here stated have been obtained. 
In the development of the maximum economic use of a stream, 
its capacity to  dispose of sewage and waste within any specified 
degree of depreciation or nuisance is a factor of first importance. 
This capacity is limited by stream conditions and is a func- 
tion of the capacity for re-aeration. 
For this reason the dilution unit is an improper one for a 
discussion of nuisance and self-purification and results obtained 
upon one stream, expressed in such units, are not applicable to 
another. 
Re-aeration is capable of experimental determination not only 
in single instances, but in terms of general applicability. 
I ts  determination in such general terms involves laborious 
work of a hydraulic and analytical nature. A beginning has 
been made along this line in the Ohio River Investigation by 
the U. S. Public Health Service. 
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I CURRENT INDUSTRIAL NEWS I 
THE GERMAN NITROGEN INDUSTRY AND THE FUTURE 
OF GERMAN AGRICULTURE’ 
During the last ten years German agriculture has succeeded 
in increasing the yield of the land to an extraordinary extent, 
and in this connection a comparison with France is of 
interest. 
Thirty years ago the yield per hectare in France was about 
the same as in Germany. Since then the yield in France has 
risen about 0.1, whereas Germany has nearly doubled her yield 
as indicated below: 
n‘HE.4T YIELD P E R  ACRE IN 100 KILOS 
Yearly Average 1881/86 1911/13 
Germany.. . . . . . . . . . . . . . . . . . .  12 .8  2 2 . 3  
France ...................... 1 2 . 0  13 .6  
Russia. .  ..................... ? 6 . 9  
This excellent result is partly due to Farmers’ Associations, 
Agricultural Schools and the employment of modern methods, 
1 Extract from the  Frankfurter Handelsblalf, May 29, 1916. 
but chiefly to the ever-increasing quantities of fertilizers used. 
The following is a comparison of the amounts of fertilizers used 
per hectare during the last few years: 
Potash Ritrate of Soda 
Germany., . . . . . . . . . . . . . . . . . .  12.05 kg. 8.10 kg. 
France.. .................... 0 .806  kg. 4 . 1 0  kg. 
Germany has always been well provided with potash, but up 
to about I O  years ago had to rely almost entirely on imports 
of nitrate of soda for her nitrogen. The following table shows 
the increase in the imports of nitrate and in this connection i t  
should be mentioned that ahout IO to 15 per cent of these quan- 
tities have been used for industrial purposes. 
GERMAN CONSUXPTION OF S I T R A T E  OF SODA (METRIC TONS) 
1880 1885 1890 1901 1910 1911 1912 1913 
55,000 155,000 330,000 517,000 i23,OOO 703,000 785,000 747,000 
Gradually, however, the German Chemical Industry has been 
building up a substitute for nitrate in the form of sulfate of am- 
monia. At the beginning of this century the production in 
